Autoimmune/inflammatory syndrome induced by adjuvants (ASIA) is a newly identified syndrome dealing with pathological effects of adjuvant use. In recent years observations have shown that a number of clinical situations displaying similar features can be associated with an overactive immune response and with the inflammatory effect of adjuvants administration. Chronic stimulation of the immune system by substances used as adjuvants may lead to the occurrence of numerous symptoms such as chronic fatigue, arthritis, myalgia, cognitive impairment and neurological disorders. The aim of this article is to present how and why adjuvants -while allegedly causing no specific immune response -may become a cause of development of autoimmune diseases.
Introduction
The word "adjuvant" derives from the Latin word "adiuvare" -"to help". The search for adjuvants -or substances that enhance the ability of the antigen to elicit an immune response while showing no antigenic properties themselves -started with the development of vaccinology. Adjuvants intensify the humoral and cellular immune response. The use of adjuvants allows the reduction of the antigen dose in the vaccine or even the vaccines frequency, inhibits the reactions between antigens in polyvalent vaccines and stimulates an immune response in individuals with impaired reaction to vaccination.
The first discovered adjuvant was Freund's complete adjuvant -a mixture of paraffin oil and mycobacterium antigen -CFA (complete Freund's adjuvant). Together with its next variation -IFA (incomplete Freund's adjuvant), devoid of Mycobacterium tuberculosis antigen -it is still in use in research. Complete Freund's adjuvant slows the release of the antigen and acts through Toll-like receptors (TLR), which recognize mycobacterial antigen, leading to activation and proliferation of T cells, in particular by means of Th1 activation and advantages of the cellular response. However, CFA proved to be too toxic to humans, so its use on a large scale was impossible. Yet, it is still used in animal models. Incomplete Freund's adjuvant stimulates the Th2 pathway of immunological response, leading to the development of humoral immunity [1, 2] . Aluminum (Al) has been used as an adjuvant since 1926 in many vaccines (with the exception of live attenuated vaccines), as it prolongs the time antigen remains in the place of the injection ("depot effect"), acts as an irritant at the injection site, inducing local immune reactions, and activates the complement system. Al promotes the Th2 response, whereas in the presence of other adjuvants such as cellular wall lipopolysaccharides (LPS), non-methylated dinucleotide sequences (CpG) or extrinsic interleukin (IL)-18, Al promotes the Th1 response [3] . Among the inorganic compounds, calcium phosphate is presently used as an adjuvant, while beryllium hydroxide is still undergoing trials [2] . As organic adjuvants, cellular wall elements such as LPS and lipid A and its weaker pyrogenic form monophosphoryl lipid A (MPL) are used (the latter in combination with an Al salt as the SBAS4 adjuvant system in vaccines against hepatitis B).
Other examples of organic adjuvants are synthetic analogues of muramyl dipeptide (MDP) -itself a highly pyrogenic derivative of the Mycobacterium cellular wall -which proved to work as an adjuvant in humans. The nonmethylated dinucleotide sequences derived from bacterial DNA (CpG) are used as adjuvants as well. They are recognized by the TLR-9 receptor, which leads to polyclonal B cell activation and antibody production. Additionally the CpG sequence is recognized by antigen-presenting cells (APC), resulting in cytokine secretion -mainly of the proinflammatory kind (e.g. interferons, IL-6, IL-12, IL-18, TNF-α), but also of IL-10. This pathway drives the immune response towards Th1 and stimulation of cellmediated immunity. A notable group of natural adjuvants of practical importance -in particular for the mucosal response associated with stimulation of the synthesis of specific IgA antibodies -is the enterotoxins: cholera toxin (CT) and Escherichia coli enterotoxin (LT). Enterotoxins affect antigen-presenting cells, stimulate the expression of MHC II, costimulatory molecules, chemokines and IL-1.
Another bacterial toxin finding use as an adjuvant in the vaccines is a diphtheria toxoid. Artificial substances are as useful as adjuvants, particularly Syntex adjuvant formulation (SAF), containing a lipid compound -squalene (synthetic cholesterol precursor), a synthetic derivative of MDP and detergent (Tween 20) . There are attempts to use this adjuvant in a vaccine against human immunodeficiency virus. Water emulsions of squalene (MF 59 stabilized with Tween 80 and Span 85 detergents) are commonly used within influenza, HBV, HSV and CMV vaccines [1, 2, 4, 5] .
In 1994 the concept of virosomes was presented. They were initially introduced in the hepatitis A vaccine, but were soon applied in the influenza vaccines. The virosomes consist of liposomes -spherical formations with a lipid membrane -to which inner aqueous phase antigens are introduced. The structure of the liposome may be varied and adapted to different antigens, including bacterial. In the case of flu vaccine IRIV (immunopotentiating reconstituted influenza virosome) influenza virus proteins (hemagglutinin and neuraminidase) have been integrated with the lipid membrane glycoproteins [4, 5] . Currently, research is being carried out into the utilization of polymers as adjuvants with polymers acting as antigen "carriers" and thus retarding its release. This leads to increased antigen presentation, achieved through various processes: TLR activation, direct phagocytosis, nucleosome path activation (secretion of IL-1β) and antigen presentation by APCs to naive T cells, using major histocompatibility complex (MHC) antigens. The B lymphocytes (recalling the BCR) are also directly affected.
Natural polymers exploited as adjuvants include derivatives of polysaccharides such as dextran, lentinan, inulin, mannose, chitosan and PGA (poly-γ-glutamic acid) polypeptide.
Synthetic polymers (micro-and nanoparticles) can be directly internalized by the lymphatic system and remain there for a long time, stimulating the immune system, while allowing the use of a decreased antigen dose. The synthetic polymers comprise multiphase emulsions such as Tween 80 (polyoxyethylene sorbitan monooleate); polyphosphazenes such as poly[di(sodium carboxylatophenoxy) phosphazene] (PCEP), used with X31 influenza virus antigen; polyelectrolytes, as a polyelectrolyte multilayer capsule (PMLC); polyanhydrides acquired through dehydration of acids or mixtures thereof; and many other substances (nonionic block copolymers, polymethacrylates, polycaprolactones, polyglycolic-co-lactides, polyvinylpyrrolidone, cationic polymers) [6] . Research is also aimed at finding a substance which will selectively activate B and T lymphocytes or macrophages, thus raising interest in cytokines such as granulocytes macrophage-colony stimulating factor (GM-CSF), IL-1, IL-2, IL-12 or interferon γ (IFN-γ) as potential adjuvants (Fig. 1) .
Autoimmune/inflammatory syndromes induced by adjuvants
The interconnections between adjuvant use and autoimmunity are being currently recognized and ASIA (autoimmune/inflammatory syndrome induced by adjuvants) is a recently identified syndrome defined in the wake of recognition of a link between use of adjuvants and activation of the autoimmune process. The introduction of ASIA merges in one nosological entity post-adjuvant emergency of a number of symptoms previously attributed to specific autoimmune diseases, e.g. systemic lupus erythematosus (SLE), systemic sclerosis (SSc) and rheumatoid arthritis (RA). The current list of conditions considered to be part of ASIA syndrome includes post-vaccination phenomena, siliconosis as a result of silicone breast implant operations (SBI), Gulf War syndrome (GWS) and macrophagic myofasciitis (MMF) [7] .
In 2011, the criteria to diagnose ASIA were proposed [7] . Among the major criteria exposure to external stimuli (infection, vaccination, silicon and other adjuvant) prior to clinical manifestations was listed. The following symptoms were established as the main "typical" clinical manifestations: myalgia, myositis and muscle weakness, arthralgia and/or arthritis as well as chronic fatigue, unrefreshing sleep or sleep disturbances and neurological manifestations (especially associated with demyelination) or cognitive impairment and memory loss. Last but not least, pyrexia and mouth dryness can be listed among typical manifestations.
Improvement after removal of the factor associated with occurrence of the symptoms was presented as the third major criterion.
It should be noted that in many cases the information about possible vaccination or exposure to the above-mentioned factors/circumstances is not fully taken into account during the interview with patients, especially adult ones.
Such discrete symptoms as memory impairment, fatigue or unrefreshing sleep are not considered to be symptoms of the disease. In addition, it is often not possible to eliminate the causative factor (e.g. vaccine). Among listed clinical symptoms are those that may suggest the existence of autoimmune disease especially when we can confirm the picture of the disease in histological findings, after 
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F Fi ig g. . 1 1. . Possible ways of action of adjuvants biopsy of involved organs, which is the fourth major criterion, or when we can confirm the presence of autoantibodies and antibodies directed against a suspected adjuvant (e.g. anti-silicone antibodies, anti-squalene antibodies) [8, 9] .
The minor criteria for the diagnosis of ASIA syndrome further include the presence of antibodies/autoantibodies, specific HLA (i.e. HLA-DRB1, HLA-DQB1), clinical manifestations such as irritable bowel syndrome, as well as the evolution of the picture of the disease towards the determined autoimmune disease (SLE, SSc, RA, MS).
Post-vaccination phenomena
Vaccinology has its beginnings in the eighteenth century, when Mary Wortley Montagu, an English aristocrat, presented in London "variolation" -a method used to protect against smallpox in the Ottoman Empire, observed by Lady Montagu during her stay in Constantinople. In variolation the patient was inoculated with the live virus acquired from blisters of infected individuals; therefore the procedure presented a risk of infection, and some of the immunized persons developed smallpox. Later on, Edward Jenner developed a safer smallpox vaccine based on bovine virus (cowpox) instead of smallpox. Vaccination freed humanity from the threat of several widespread epidemics and limited the number of serious complications of many diseases. Nonetheless, over many years of vaccination case reports surfaced of conditions such as arthritis, Guillain-Barré syndrome, meningitis, chronic fatigue syndrome and vasculitis, being associated with a history of vaccination. In the case of Guillain-Barré syndrome, it has been reported that it developed after vaccination against the virus of "swine flu", as well as after antimeningococcal vaccine (Menactra -Sanofi Pasteur, Lyon, France) [10] . Arthritis has been reported after vaccination with diphtheria-tetanus-pertussis (DTP), while transverse myelitis has been reported after oral polio vaccination.
Autoimmune thrombocytopenia was observed after vaccination with measles-mumps-rubella (MMR) [11] .
Complications after adjuvant administration were also the subject of research performed on animals, which revealed the rise of various autoantibodies in such cases, including those associated with SLE [12] antibodies to β2-glycoprotein I (β2GPI), and anti-ferritin antibodies. Granulomatous disease of peritoneum and liver, glomerulonephritis and thromboembolic complications were also observed [13] , as well as induced arthritis [14] . In a retrospective work by Zafrir et al. the analysis was performed on patients from various centers in the United States who developed symptoms of autoimmune diseases after hepatitis B vaccination. Notably the vaccine contained Al [15] .
Altogether, 93 patients were assessed, mainly women (69.2%). The average time from vaccination (last dose of the vaccine) to the onset of symptoms ranged from just a few days to up to 2 years. The most common manifestations described in this analysis are shown in Table I .
From a group of 93 patients, a cohort of 49 was serologically evaluated and 80% showed the presence of autoantibodies (Table II) .
Among the cases in this analysis that did not fulfill the ASIA criteria, children were the most frequent and in 9 cases type 1 diabetes (T1D) was diagnosed. This evidence requires further research and analysis of the relationship between immunization and the development of T1D [15] . Among 20 patients with the diagnosis of giant cell arteritis (GCA) and polymyalgia rheumatica (PMR) who were assessed in the work presented by Soriano et al. [16] , 10 underwent flu vaccination 20 days to 3 months prior to the diagnosis of GCA/PMR. Also, the presence of HLA-DRB1 has been noted in patients who developed post-vaccination symptoms of GCA/PMR; therefore the authors suggested the impact of genetic predisposition to the disease after flu vaccination [16] . Al is being analyzed as a potential factor inducing the development of Crohn's disease (CD) -a chronic inflammatory bowel disease, leading to malnutrition, impaired immunity and potentially requiring treatment with steroids, immunosuppressants and biological agents. These features of CD contribute to the development of infection and confirm the need of vaccination in this group of patients. It is suggested that the link between the development of CD and the exposure to Al or use of other adjuvants requires further research [17] . One of the less acknowledged adjuvants -present in many vaccines, e.g. against hepatitis B and A, due to the process of their production -is Saccharomyces cerevisiae or yeast, widely used in everyday baking and in the brewing industry. The anti-Saccharomyces cerevisiae antibodies (ASCAs) are directed against phosphopeptidomannan. Their presence is specific for CD, but they were also found in patients with other autoimmune diseases such as antiphospholipid syndrome (APS), SLE, RA and T1D. This leads to the conclusion that Saccharomyces -a commensal microorganism -in the presence of certain conditions, such as impaired immune tolerance, can trigger autoimmunity [18] .
Moreover, CpG used as an adjuvant and its interaction with heat shock proteins and vasoactive neuropeptides may be linked to the development of fatigue-related autoimmune conditions [19, 20] . Attention was paid to the development of symptoms of fatigue allowing the diagnosis of chronic fatigue syndrome (CFS) and, in some cases, also fibromyalgia (FB) in individuals after vaccination for hepatitis B. Therefore it can be assumed that in susceptible individuals HBV vaccine may trigger an autoimmune phenomena and CFS or FB symptoms [20] .
Adjuvants and anticardiolipin antibodies
Anticardiolipin antibodies (aCL) may be present in SLE, while the presence of aCL and lupus anticoagulant associated with clinical symptoms of thrombosis or obstetrical complications are the basis for the diagnosis of antiphospholipid syndrome (APS) [21] . aCL may be found in healthy individuals, but then their presence represents a risk factor for APS development. In the current revised APS criteria, the presence of anti-β2-glycoprotein antibodies has also been included, as they significantly increase the risk of thrombosis. It was demonstrated that vaccination and the use of an adjuvant may result in the appearance of autoantibodies including aCL. Vista et al. [21] have shown that vaccination can stimulate antiphospholipid antibody (aPL) formation in patients with SLE and in healthy individuals and there was no statistically significant difference between these two groups. It has also been shown that aCL may arise in SLE patients but without associated appearance of anti-β2GPI antibodies. Indeed, no clinical features of APS were observed. In another work, Tarjan et al. [22] showed that SLE patients with aPL vaccinated against influenza may show a remarkable increase in anti-β2GPI antibody levels without any clinical consequences. This may suggest that the increase in the concentration of aCL antibodies and the de novo emergence of aCL were transient [22, 23] .
Immunization of genetically susceptible heterozygous factor V Leiden (FVL) mice with CFA and IFA showed the induction of specific autoantibodies (β2GPI-dependent), with the CFA immunized mice exhibiting hyperactive behavior correlated with the concentration of antibodies [23] . The authors hypothesized that in addition to adjuvant stimulation, and regardless of adjuvant type (CFA or IFA), the existing coagulation defect (thrombophilia) may predispose to autoimmunization development.
The issue of consequences of anti-human papilloma virus (HPV) vaccination has been brought up by Soldevilla et al. [24] , who reported 3 patients developing de novo SLE or SLE exacerbation in a relatively short time (2-4 months) after immunization with the vaccine. Yet, SLE patients are at higher risk of developing cervical cancer, especially in case of immunosuppressive therapy; thus, the use of the anti-HPV vaccine has to be considered in this group. Although the study showed overall safety and effectiveness of the vaccine in SLE patients, it seems necessary to avoid immunization during the active stage of SLE and to pay additional attention to the possible development of autoimmunization after administering the vaccine [24, 25] .
Gulf War syndrome
Chronic multi-symptom illness (CMI) develops after exposure to adjuvants. It is known that soldiers and military personnel before leaving for an overseas mission receive in a short period of time numerous vaccinations and they also have pyridostigmine bromide (PB) -a substance used in prophylaxis of nerve gas exposure -administered. Moreover, the everyday use of repellents, such as N,Ndiethyl-3-methylbenzamide (DEET), occurs. Servicemen and soldiers are also exposed to pesticides such as Lindane, Permethrin and phosphoorganic compounds, smoke from burning oil fields, depleted uranium used in ammunition and other chemicals used during military operations.
In 2008, the Research Advisory Committee on Gulf War Veterans' Illnesses found evidence linking exposure to PB with CMI development. However, in 2010 the Institute of Medicine (IOM) in the Gulf War and Health Report (update 2009) did not fully agree with this conclusion [26, 27] . Gulf War syndrome (GWS) patients suffer mainly from fatigue, sleep disturbances, cognitive functions impairment, muscle pain and weakness, ataxia, excessive sweating, headache, fever, arthralgia, diarrhea, bladder dysfunction [symptoms similar to the clinical picture of chronic fatigue syndrome (CFS)], fibromyalgia (FB), irritable bowel syndrome (IBS), sick building syndrome and post-traumatic stress disorder. Apart from the above-described symptoms, a higher incidence of amyotrophic lateral sclerosis (ALS) has been noted, which is considered to be associated with the exposure to PB and Al [8, 28] .
Macrophagic myofasciitis
This syndrome was described by Gherardi et al. in 1998 . Macrophagic myofasciitis (MMF) is caused by the deposition of Al in muscles. Al induces general symptoms, such as muscle pain, arthritis, muscle weakness, chronic fatigue, and fever, and may cause the development of demyelinating diseases (MS-like demyelinating disorders). Patients complain of memory and cognitive function impairment, difficulties in maintaining emotions and mood swings. A significant portion of patients with MMF meet the diagnostic criteria for CFS. In patients with a positive history of intramuscular injection of vaccine containing Al and suspected of MMF, muscle biopsy should be considered [29, 30] .
Laboratory tests may show elevated creatine kinase (CK) levels, increased sedimentation rate, and the emergence of autoantibodies. Patients with MMF were described to have no other excessive exposure to Al compounds than vaccination (HBV, HAV, TT) and showed no features of kidney damage. In electromyography of MMF patients, primary muscle damage can be revealed. Al hydroxide deposits are locally visible in electron microscopy. Muscle biopsy reveals infiltration by PAS-positive MHC I positive macrophages and CD8+ T lymphocytes, without any signs of damage to the muscle fibers. The syndrome develops mainly in patients with HLA-DR B1*01. Subcutaneous immunization is not observed in MMF, but a vaccine containing Al as an adjuvant may cause chronic skin changes known as pseudo-lymphoma associated with macrophages containing an Al rim [31] . Gallium scintigraphy in patients with MMF shows radioisotope accumulation mainly in the region affected by pain, especially in the lower limbs fascias and periarticular tissues [32, 33] .
Silicone breast implants -siliconosis
The first breast implant surgery with silicone gel (Cronin-Gerow implants) was performed in 1962. Eventually, three types of silicone implants were developed and are now in use. In these implants the silicone shell is filled with salt, silica gel or a mixture of substances (soybean oil, polypropylene, etc.). In the process of implant preparation it is necessary to use platinum as a catalyst for the transformation of silicone oil into gel. The presence of platinum in the tissue surrounding the implant has been reported. Platinum can be deposited in the bone and penetrate the nerve endings causing a disease of the nervous system. In currently used implants the amount of platinum is negligible and no significant risk of exposure to its toxicity is reported [34, 35] . Among the complications associated with the use of silicone breast implants, the most common is damage related to surgical technique, physical or chemical trauma. Contraction of the silicone coating, leakage of implant contents into the tissue and infection can also take place, as well as the development of an allergic reaction to both silicon and platinum [34, 35] .
In women with silicone gel leakage FB has been described, as well as a variety of symptoms such as body aches, fatigue, cognitive impairment, depression, dry eyes and mouth, skin changes, paresthesia, swelling and pain of the salivary glands, unexplained fevers, hair loss, headaches and morning stiffness. Women after SBI have also been diagnosed with autoimmune diseases such as SLE, RA, scleroderma, and Sjögren's syndrome. In 1996, in a survey of 1,800 breast implant recipients, Hennekens et al. assessed at 1.25 (95% CI: 1.08-1.41) the relative risk of the occurrence of immune diseases [36] .
In 2000, Janowski et al. in their meta-analysis identified the risk of developing autoimmune disease as 0.8 [37] . Cases of adult onset Still's disease (AOSD) after breast implantation have also been reported. In an article by Jara et al. a case of lupus-like syndrome development and of life-threatening Still's disease reactivation was reported [38] . In this paper five other AOSD cases after SBI, described previously in the literature, were analyzed. Jara et al. reported that among all six discussed cases of AOSD after SBI, in two cases in which implants were not removed disseminated coagulopathy syndrome developed [38] . In patients with an autoimmune response after SBI, anti-silicone antibodies were found and IgG levels in the tissue surrounding the implant were elevated [9] . It has been noted that the risk of development of morphea type or scleroderma-like skin lesions or of eosinophilic fasciitis occurrence arises after SBI. It is explained by the silicone's influence of fibroblast proliferation and collagen production [39, 40] .
The desire to improve the body is not limited to the use of breast implants, but also includes injections of many chemical substances for cosmetic purposes (such as mineral oil, guaiacol, liquid silicone, collagen, iodine gadital, paraffin), which carries the risk of not only infectious complications or cancer development, but also of autoimmune disease occurrence. In an interesting article by Vera Lastra et al. cases of undefined (60% of cases) and defined autoimmune diseases (40%) following injection of various illegal substances in Mexico City were analyzed. Histopathological evaluation of the injection site revealed the presence of granulomas, chronic inflammation, features of vasculitis, fibrosis and vacuoles filled with oil. Additionally, in the study group (50 cases), 4 (8%) deaths associated with the investigated injections were reported during a 4-year follow-up [41] .
Discussion
The basic problems arising from the present state of ASIA syndrome research concern the issues of associating the onset of ASIA symptoms with the history of adjuvant use and the time span between vaccination and the emergence of autoimmune disease. It is known that the rise of autoantibodies may precede disease symptoms by years. Symptoms may occur immediately after inoculation (as in the case of transverse myelitis) as well as a number of years later [42] .
Polyvalent features of the vaccines may also have an influence on the occurrence of symptoms, but it is possible that it can be either attributed to the used adjuvants or to the "mixture" of antigens in the vaccine. The occurrence of autoimmune disorders after vaccination is relatively rare, considering the massive numbers of performed vaccinations. As in the case of the development of autoimmune disease, certain conditions must be met at the same time, such as exposure to an adjuvant, the molecular mimicry phenomenon (i.e. cross-reaction of antigens of microorganisms with the own antigens of immunized individuals), and individual genetic susceptibility, but the influence of environmental factors (infections, exposure to tobacco smoke, chemicals, external pollution) may also be relevant. In that context, currently attention is also paid to the sick building syndrome (SBS) [43] , which is associated with chemical agents, of natural and chemical origin, present in the environment (building), as well as with external pollution and the emergence of autoimmune/inflammatory diseases after the use of various substances for cosmetic purposes (mineral oils, guaiacol).
The differences in the vaccinated population should also be considered. For instance, a group which is subject to extensive vaccination comprises children, who are in their early life vaccinated frequently and thus in a relatively short period of time are intensively exposed to adjuvants such as Al. Nonetheless, children's environmental exposure to Al is shorter, and therefore less intense, than in adults, and also children have far fewer occasions than adults to be exposed to infectious agents. Finally, the onset of overt disease may require several years; therefore, we should expect fewer diagnoses of ASIA syndrome in this population. Children have a less mature nervous system that is more susceptible to toxic agents as well as immature renal toxin utilization, and they are more likely to have a direct toxic effect of drugs, chemical substances and, to some extent, adjuvants. The distinctness of the immature immune system has also to be taken into account, especially until 6 months of age. The second group consists of adults with all the history of previous infections, longer time of environmental exposure to toxic agents and adjuvants, and more diverse -yet less frequent -vaccination history. Military personnel can be considered as a separate group as its members receive in a specified period of time numerous vaccines prior to the planned overseas military missions. Also children and adults with already defined autoimmune diseases and immune disorders should be considered separately. This diversity of analyzed subjects may hamper comparative analysis [44] .
To summarize the definition of ASIA syndrome and the establishment of its criteria enables merging on a common ground autoimmune phenomena associated with the use of adjuvants, despite diverse symptoms presented in the course of these illnesses. Current knowledge of the four related earlier defined diseases (GWS, MMF, post-vaccination phenomena, siliconosis) sheds new light on innate and acquired immunity. 
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